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The expansion of the invasive rainbow trout Oncorhynchus mykiss into the thermal headwaters of
Valcheta Stream (Patagonia, Argentina) and new predation records on the endangered endemic naked
characin Gymnocharacinus bergii are presented here. These findings are discussed in relation to the
contemporary evolution and thermal refuges hypothesis. This study has immediate implications for
the conservation of G. bergii.
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Salmonid species introductions are known to be related to the disappearance or decline
of native fish in different parts of the world (McDowall, 1990; Fernando, 1991; McIn-
tosh, 2000; Murillo & Ruiz, 2003). In Argentina, the introduction of exotic salmonids
began in the early 20th century and, since then, the rainbow trout Oncorhynchus mykiss
(Walbaum 1792) has become the most widely distributed species in Patagonia (Pascual
et al., 2002) where it has produced a dramatic change in the species composition of
freshwater bodies (Macchi et al., 2008).
The Valcheta Stream is an endorheic basin located in the north-east of Somuncura
Plateau, Río Negro province, Argentina (Fig. 1). It originates in several thermal springs
that give rise to two pairs of branches, locally called Hot Branch and Cold Branch,
eastern and western pair respectively [Fig. 1(c)]. Water temperature ranges between
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Fig. 1. (a) Location of Somuncura Plateau in Argentina ( ); (b) Valcheta Stream in Somuncura Plateau ( );
(c) sites studied, Valcheta stream headwater, showing the Cold Branch and Hot Branch and the confluence
zone in La Horqueta ( ). Records of Oncorhynchus mykiss along the Hot Branch ( ): , 4 February
2014 (10 individuals); , 24 March 2016 (7); *, 5 February 2014 (2); , 14 January 2016 (12). Satellite
images from Google Earth 2017.
20·5 and 22·5∘ C (Cold Branch) and 22 and 26∘ C (Hot Branch) throughout the year,
while at the convergence zone [La Horqueta, located 13 km downstream, Fig. 1(c)]
reaches only 17∘ C (Ortubay et al., 1997). The isolation of this stream added to the
thermal condition of its headwaters which led to the evolution of several species includ-
ing two aquatic vertebrates, the valcheta frog Pleurodema somuncurense and the naked
characin Gymnocharacinus bergii Steindachner 1903.
Gymnocharacinus bergii is the southernmost native characid in the world and the
only species within this group occurring in Argentinean Patagonia. A remarkable fea-
ture of this fish is that the scales form during metamorphosis, but disappear during the
juvenile and adult period (Miquelarena et al., 2005). The conservation of G. bergii is of
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great concern among specialists and the species was listed as endangered in the IUCN
Red List (World Conservation Monitoring Centre, 1996). Although several threats were
identified for G. bergii, no study has been conducted to assess their effects on the pop-
ulation. Nowadays, threats include fragmentation of aquatic habitat (e.g. caused by
trampling of livestock), water pollution, catches for illegal trade and interactions with
introduced species, i.e. predation by O. mykiss (Ortubay & Cussac, 2000) and compe-
tition with the Uruguay tetra Cheirodon interruptus (Jenyns 1842) (Pérez et al., 2015).
Oncorhynchus mykiss was introduced in the lower basin of Valcheta Stream in
1928 (Macchi & Vigliano, 2014). After it was established, the population thrived and
extended its range along almost the entire stream. Some differences, however, have
been observed between the Cold Branch, where O. mykiss were present all year round
(with exception to the thermal springs) and the Hot Branch, where the species was
present only occasionally during winter (Ortubay et al., 1997). These differences were
explained by a thermal barrier that prevented the access of O. mykiss to the warmer
waters of Hot Branch (Ortubay & Cussac, 2000), in relation to the critical thermal
maxima for O. mykiss (up to 26∘ C, Bidgood, 1980). Based on Ortubay et al. (1997)
study, it was observed that the distribution range of O. mykiss contrasts with G. bergii,
only being present in thermal springs at the Cold Branch, while it is widely distributed
and at higher densities along the Hot Branch. Since occasional events of predation
of G. bergii by O. mykiss were recorded at Cold Branch, but not at Hot Branch, the
assumed thermal barrier would be also protecting G. bergii in these warm waters
(Ortubay & Cussac, 2000).
In the framework of a study to design management actions for protecting G. bergii,
fieldwork was carried out between 2014 and 2016 in the headwaters of Valcheta Stream,
from the origins of the watercourse to the site called La Horqueta [Fig. 1(c)]. The pres-
ence of O. mykiss was recorded during summer and early autumn at four pools ranging
from 1·5 to 3 m depth in the Hot Branch [Fig. 1(c)]. Oncorhynchus mykiss was sharing
habitat with G. bergii at the three sites closest to the origin of the stream. In January
2016 four O. mykiss were captured by gillnet fishing and their stomachs contents were
analysed searching for G. bergii. Two O. mykiss regurgitated one individual of G. bergii
immediately after being pulled from the water and the other two had one G. bergii each
in their stomachs. The expansion of the O. mykiss to the thermal headwater suggests
two possible explanations that are not mutually exclusive, contemporary evolution of
warm water tolerance (Stockwell et al., 2003; Primmer, 2011) or the use of thermal
refuges. If this finding is added to the record of predation on G. bergii at Hot Branch it
has relevance to the conservation of this endangered fish.
In North America the streams inhabited by O. mykiss may have summer water
temperatures that approach or exceed lethal levels (25∘ C) (Baird & Krueger, 2003).
Salmonids have been reported to thermoregulate behaviourally by detecting and
staying within localized areas of cool water (Berman & Quinn, 1991; Baird &
Krueger, 2003). In the same way, the pools along the Valcheta Stream, where depth
and flow conditions may lead to thermal stratification, could serve as thermal refuges
(Matthews et al., 1994; Nielsen et al., 1994) allowing O. mykiss to stay in the Hot
Branch during the summer. Furthermore, the population of O. mykiss in Valcheta
Stream, by being exposed for almost 100 years to high temperatures, may have
acquired greater tolerance to this environment. In the south of Western Australia, Chen
et al. (2015) examined the thermal tolerance of a population of O. mykiss subjected to
high temperatures for 19 generations, concluding that this population has undergone
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selection and shows the ability to tolerate higher water temperatures. This being so,
the thermal barrier that prevented O. mykiss from accessing the Hot Branch could be
gradually overcome by the species.
The results of this study are of main concern for the conservation of endemic and
endangered species inhabiting the headwaters of the Valcheta Stream. As the last refuge
for the biggest populations of G. bergii and P. somuncurense, the Hot Branch is now
at risk. A strict monitoring programme should be conducted at the site to detect if
O. mykiss is really adapting to warmer waters and to define relevant management
actions. Laboratory physiological experiments on O. mykiss could also help to test this
hypothesis in future studies.
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